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Neuro-Cutaneous Syndromes

m Systemic disorders
m Prominent and Diagnostic Stigmata
m Most Inherited as Autosomal Dominant
ONF-1
ONF-2
OTuberous Sclerosis
ovon Hippel-Lindau
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Gene |Protein aa |kD |Altemate names

i NF1 | 17q11.2 | neurofibromin 2838 | 250
i (pNF)
NF2 22g12.2 | neurofibromin 2 595- |69 Schwannomin,
.. (pPNF2) 614 Merlin

TSC1 9q34 hamartin 1164

TSC2 | 16p13.3 |tuberin 1807 |200

VHL 3p26-p25 | VBP1 30 213 28-30 |pVHL 19

http://www.ncbi.nlm.nih.gov/UniGene/




“Two Hit” Hypothesis

Normal

Regulatory protein for
normal growth and
development

Two genes

normal protein

“Two Hit” Hypothesis

1st Mutation ‘Hit’ 2nd Mutation ‘Hit’

One copy of gene, No gene
some protein No protein

Neurofibromatosis Type 1
Chromosome 17q

VS.

Neurofibromatosis Type 2
Chromosome 22q
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NEUROFIBROMATOSIS

m NF-1, von Recklinghausen
d("peripheral“ — bad term)

m NF-2, Bilateral Acoustic

O ("central* — bad term)

NF-3, Overlap of 1 and 2

NF-5, Segmental (e.g. a quadrant)

NF-6, Cafe-au-lait, w/o CNS/PNS

NF-7, Late Onset

NF-8, Other

NEUROFIBROMATOSES

m Neurofibromatosis Type 1 (NF-1)
- von Recklinghausen Disease
- "True" Neurofibromatosis
- Prominent Cutaneous Signs
- Chromosome 17q
m Neurofibromatosis Type 2 (NF-2)
- Bilateral Acoustic Schwannoma
- "Central Neurofibromatosis"
- Minimal Skin Manifestations
- Chromosome 22q




Neurofibromatosis Type 2

Wishart or MISME Disease

Chromosome 22q

Proteins: pNF2 (Schwannomin,
Merlin, neurofibromin 2)

NEUROFIBROMATOQOSIS - Type 2

Incidence: 1/50,000

Inheritance: Autosomal Dominant

Age at Presentation: Birth to 40's (peak in 20’s)
Sx at Presentation: Hearing loss from VS
Diagnostic Criteria: VIl masses

Chromosome Abnl.: 22

Cutaneous Findings: minimal (skin tags)

CNS Findings: Schwannoma, Meningioma,
Ependymoma (intramedullary spinal cord)

NF-2 Requires one or more items

m Bilateral 8th nerve Masses

m Relative with NF-2 and either:
OUnilateral 8th nerve Mass

OAny Two:

= "Neurofibroma”, Meningioma, Glioma,
Schwannoma, (Congenital) Lens Opacity

NEUROFIBROMATOSES

m Neurofibromatosis Type 1 (NF-1)
- von Recklinghausen Disease
- "True" Neurofibromatosis
- Prominent Cutaneous Signs
- Chromosome 17q
m Neurofibromatosis Type 2 (NF-2)
- Bilateral Acoustic Schwannoma
- "Central Neurofibromatosis"
- Minimal Skin Manifestations
- Chromosome 22q
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CNS Neoplasms - Chromosome
Loss of Heterozygosity
m Schwannoma - 22q
m Meningioma - 22q (long arm) NF-2
m Ependymoma - 22

NOT Neurofibroma :
NOT Astrocytoma NF-1
NOT Optic Glioma f
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Intracanalicular Schwannoma




T eeeeee—

SCHWANNOMA

m 5-10% of All CNS Tumors

= Benign, Slowly growing

m F > M (Intracranial), M > F (Spinal)
m 30's - 60's, w/NF-2 10's - 30's

m Sensory Nerves (usually):

0O CNN VIII (Sup.Vestibular), V, X
O Spine: Dorsal Roots

m Majority (>90%) are Sporadic
= Multiple in NF-2, Bilat.VIII Pathognomonic
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Multiple Schwannomas and I\'>I/|u tiple Inher ed EC we(ljnnomas,
Meningiomas eningiomas, and Ependymomas

e

Neurofibromatosis Type 1
Chromosome 17q

neurofibromin Neurofibromatosis Type 1
or
VS. . .
. ) von Recklinghausen Disease
Neurofibromatosis Type 2
Chromqsome_ 22q Chromosome 17
neurofibromin2, Proteins: pNF (neurofibromin)

schwannomin, merlin
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-  The Elephant Man:Hacmms

Proteus Syndrome

ol Srasgremes
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NF-1: EYE MANIFESTATIONS

m LISCH Nodules (Iris Hamartomas)
O Penetrance > 90%
O Specificity > 90%
O Translucent/pigmented
O Small ( < 3mm.), Slit-Lamp Exam

m OPTIC GLIOMA
0O Up to 15% of patients
O Pilocytic Astrocytomas
O Benign ("Hamartoma-like"), Tx?
O True Neoplasms, spread along SAS
O up to 1/2 of Childhood ONG w/NF-1
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Optic Nerve Glioma

NIH Diagnostic Criteria:

NF-1 Requires two items
Cafe-Au-Lait spots
0O 6 or more
05 mm child, 15 mm adult
Neurofibromas - 2 or more
Plexiform Neurofibroma - 1
Axillary (Intertriginous) Freckling - 1
Optic Glioma
Lisch Nodules (lris) - 2 or more
"Distinctive Bone Lesions"
1st degree Relative with NF-1
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NF-1 Optic Nerve Glioma

E: Dilated perioptic
barachnoid space

Courtesy of Greg Petermann, M.D.
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NEUROFIBROMATOSIS - 1

m Cutaneous Manifestations
{ D Cafe-au-Lait spots
O Intertriginous Freckling
O Neurofibromas (Skin and SubQ)
O Fibroma Molluscum (TNTC NFB)
O

Elephantiasis Neuromatosa
= diffuse skin thickening/plexiform NFB
= -or- focal gigantism

Axillary Freckle

F o eee—
NEUROFIBROMATOSIS - 1

Bone Dysplasia and Remodeling
m Macrocephaly
m Craniofacial dysplasia
OEspecially sphenoid
m Vertebrae (scalloping, scoliosis)
m Pseudoarthrosis
Oespecially congenital
m Genu Valgum/Varum
m Twisted "Ribbon Ribs"




Wp enoid Dysplasia

Courtesy of Greg Petermann, M.D.
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NERVE SHEATH TUMORS

m Schwannoma (Sporadic >> NF-2 > NF-1)
0O focal mass, eccentric to nerve
O usually sensory root, cranial and spinal nerves

m Neurofibroma
O usually NF-1, esp. if spinal or paraspinal
O fusiform, spindle, or dumb-bell lesion

m Plexiform Neurofibroma (usually NF-1)
O diffuse or fusiform enlargement

m Malignant Peripheral Nerve Sheath Tumor
O NF-1 or Sporadic

Buphthalmos and Sphenoid Dysplasia

Sphenoid Dysplasia

Courtesy of Greg Petermann, M.D.
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Neurofibroma vs. Schwannoma

= Neurofibroma m Schwannoma
O Schwann cells 0 Schwann Cell
O Fibroblasts Neoplasm
0 Acellular material O Secondary vascular
O Infiltrating changes

O Resect Parent Nerve 0 Mostly cellular
O Encapsulated

O Nerve Sparing Surgery




l Schwannoma vs. Neurofibroma
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Neurofibromatoses: Spine

: m Neurofibroma (NF-1)
m Osteoporosis (NF-1, only?)
O Idiopathic
O Parathyroid Adenoma

- Schwannoma ;
= Meningioma >~ NF-2
» Ependymoma :
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Neurofibromatosis : Spine

m Scoliosis (NF-1, only?)
O Simple (“idiopathic")
i O Acute Cervical Kyphosis
m Dural Ectasia (NF-1, only?)
O Vertebral Scalloping
O Arachnoid "cysts"
O Lateral Thoracic meningocele

Distribution of Nerve Sheath
Tumors

m Intra-Cranial => Schwannoma
OSporadic >> NF-2
Spinal => Both Types (S >> N)
Dumbbell => Both (N >> S)
PNS => Both
Cutaneous => Neurofibroma
OUsually N in NF-1

= —— ———————

INTRASPINAL NEOPLASMS

m 68 Patients with 86 Spinal Nerve Sheath
neoplasms

m Sporadic tumors: 42 pts. (65%)
" m 46 Schwannomas
040 Sporadic tumors
O 6 in NF-2 patients
" m 16 Neurofibromas
014 in NF-1 patients
O 2 Sporadic tumors

Acute Cervical Kyphoscoliosis




DDx:
*Nerve Sheath Tumor
* Neurofibroma
* Schwannoma
*Arachnoid Cyst

*Bone Dysplasia
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Enlarged Neural Foramen

m Nerve Sheath Tumor
ONeurofibroma
= NF-1 >> sporadic
= "dumbbell“ shape
O Schwannoma
m sporadic >> NF-2
m Mesodermal Defect
ONF-1 only?
ODural weakness
OBone weakness

WVILIHDIE JUTTIDDIET] | ES[UTS

Dumbbell Neurofibroma
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Dumbbell }

Multiple Neurofibromas

Courtesy of Greg Petermann, M.D.
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Neurofibroma vs. Schwannoma

“stringy”

Plexiform Neurofibroma

urofl : | Inaor,
both buttocks
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Plexiform NF

ertebral-Body-Sealloping

Neurofibroma
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NEUROFIBROMATOSIS-1: Spine

m Scoliosis (Acute Cx Kyphoscoliosis)
m Vertebral Scalloping

m Enlarged Neural Foramina

m Lateral Thoracic Meningocele

Neurofibroma
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NEUROFIBROMATOSIS-1

m Posterior Meningocele (sporadic)
Odorsal dysraphism, closure of tube
m Anterior Meningocele (sporadic)
O neurenteric canal/cyst
O anterior vertebral cleft
{"m Lateral Thoracic Meningocele (NF-1)
{ O “pulsion diverticulum" of SAS
O negative intrathoracic pressure
O no overlying paravertebral MM.

Lateral Thoracic Meningocele

Lateral Thoracic Meningocele

Lateral thoracic meningocele in NF-1

Courtesy Mauricio Castillo, M.D. UNC
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NEUROFIBROMATOSIS - 1:
DBO’s MR Signal Abnormalities
n TIW Brighﬁo‘

O globus pallidus
m T2W Bright Foci
O w/o mass, don't enhance
O Cerebellar peduncles, Pons, midbrain
O globus pallidus, thalamus, optic radiations
m What in the heck are they??
O Ectopic Schwann cells, Melanocytes ?7?
O Dysmyelination ??
O intracellular proteinaceous fluid ?

Deep Bright
Objects

| ~E—— ————
DBO’s and NF-1

m Incidence: A considerable body of knowledge
suggests that these Deep Bright Objects or
DBO's are very common in children with NF-1
(>90% in some series).

m Age: They are most frequent from 4 - 12
years of age. They are uncommon under the
age of 4, and begin to fade away after the age

of 16.
m Location:
O Globus Pallidus - 30% Deep
O Cerebellum - 23% B rig ht
O Midbrain - 16%
Objects

I—

DBO’s of NF-1..Glah nallid

m Neurofibromatosis
m Objects

Deep
Bright
Objects
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Resolves as patients age

> i

Courtesy of Greg Petermann, M.D.
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NF-1 Schwann, astrocyte, and NF-2MISME Syndrome
mesoderm ST

: 7 {
Skin, Spine, Orbit and Eves = M - Multiple B oW
" m | - Inherited

m S - Schwannoma
= M - Meningioma
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